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@ Metering of cooling air in turbine blades. 

@ A meter plate (40) formed from a depending 
member (42) extending from the root (18) of a 
turbine blade (16) to just short of the bottom 
(44) of the broach in a disk (14) in the live rim 
area is cast integrally with the blade (16) and 
serves with the broach to meter coolant flow 
from an on board injector (12) to internally of 
the blade. The member (42) can be machined to 
the size required to attain the desired amount of 
coolant flow for internal blade cooling. 



FIG. 2 
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This invention relates to turbine blades for gas 
turbine engines and particularly to means for meter- 
ing cooling air to internally cool the turbine blades. 

As is well known in the gas turbine engine tech- 
nology, the cooling of the turbine blades, particularly 5 
the first stage turbine, is extremely important not only 
to preserve the integrity of the blade structure but to 
also attain high engine performance by operating the 
turbine at optimum temperature levels. It is abundant- 
ly important in this environment to maximize the use 10 
of cooling air to avoid utilizing more air than is neces- 
sary so as to lessen the overall penalty that is attend- 
ant the use of engine air for purposes other than gen- 
erating thrust or horsepower Inasmuch as the gas tur- 
bine engine operates at higher efficiencies by oper- 15 
ating the first stage turbine at higher temperatures 
and the trend for future engines is to increase turbine 
inlet temperatures so as enhance engine efficiency 
and thereby reduce fuel consumption, the engine de- 
signer is faced with the problem of increasing turbine 20 
inlet temperature while at the same time attempting 
to reduce the amount of cooling air or at the very least 
to optimize its use. 

As is well known, one method of optimizing the 
use of cooling air is to employ metering devices to re- 25 
strict the flow entering into the roots of each of the 
blades. Typically, these flow restrictive or metering 
devices are comprised of an extra sheet metal com- 
ponent that is welded or brazed to the bottom of the 
blade. An example of a metering device that is bolted 30 
to the root of a stator blade is exemplified in U.S. Pa- 
tent No. 3,706,508 granted to Moskowitz, etal on De- 
cember 19, 1972 and entitled Transpiration Cooled 
Turbine Blade with Metered Coolant Flow". 

United Kingdom Patent Application No. 2 225 063 35 
A published for Ulrich Radons on May 23, 1990 enti- 
tled Turbine Cooling Arrangement" discloses an in- 
sert that is bonded to the blade base for flowing cool- 
ant into the rotor blades. Other patents that, while not 
necessarily teaching metering means, but relate to 40 
means for feeding coolant to the turbine rotor blades 
are U.S. Patent No. 4,767,261 granted to Godfrey et 
al on February 12, 1974 entitled "Cooled Vane" that 
utilizes a baffle plate internally of the vane; U.S. Pa- 
tent No. 3,791 ,758 granted to Jenkinson on February 45 
12, 1974 entitled "Cooling of Turbine Blades" that in- 
cludes divergent walls for defining a diff userfor lead- 
ing coolant to the root of the blades; and U.S. Patent 
No. 4,626,1 69 granted to Hsing et al on December 2, 
1986 entitled "Seal Means for a Blade Attachment 50 
Slot of a Rotor Assembly" that provides a baffle that 
leads coolant to the rotor blades. 

We have found that we can attain a more efficient 
use of cooling air and eliminate the extra component 
parts that were heretofore necessary for metering 55 
coolant with a consequential improvement in the cas- 
tibility of the blade, ease of fabrication and assembly 
by eliminating the brazing or welding operation, and 



eliminate the need to inventory the component parts. 
While this results in lowering costs, it does have the 
disadvantage of slightly increasing weight. 

However, there is a distinct advantage when util- 
izing this invention in cast film cooled, high efficiency 
turbine blade designs. The pressure of the tangential 
onboard injectors (known as TOBI) that serves to 
transmit the cooling air in the rotating machinery to 
the roots of the turbine blades is determined on the 
blade's outflow requirements and airfoil root leading 
edge stagnation pressure. This, typically, provides 
higher than required pressure air to the remaining 
portion of the blade. Therefore, to maintain accept- 
able flow levels for main body film cooling and trailing 
edge flow restricting features, (for example, cross- 
over and film holes) these holes must be sized rela- 
tively small. By decreasing this pressure in these 
areas by use of the metering valve, these flow re- 
stricting features can be enlarged without increasing 
flow. The advantage of being able to increase the size 
of the holes enhances the castability of the blade and 
the film effectiveness. 

In actual tests of blades employing this invention, 
the inventive meter plate increased the size of the 
trailing edge crossover holes to approximately 30% 
larger than heretofore known designs. In addition, the 
design made it possible to add additional film cooling 
holes in this configuration that was tested 3 extra film 
cooling holes were added in each of the rows of film 
cooling holes. 

From a first broad aspect the invention provides 
a rotor comprising a blade having internal cooling 
passages, said blade being mounted by a root section 
in a recess on a rotor disk, said blade being cast with 
an integral projection which defines a coolant meter- 
ing area within said recess. 

From a second aspect the invention provides in 
combination, an internally air cooled turbine blade 
having a root section at one end and a turbine rotor 
disk for a gas turbine engine, 

said blade being cast including a projection ex- 
tending axially from said root section and being sup- 
ported in a recess formed in the outer periphery of 
said rotor disk, 

means for conducting cooling air into internal 
passages formed in said turbine blade through said 
recess, 

said projection extending in said disk to define 
therein a metering plate to regulate the flow of cooling 
air from said recess into said passages, the length of 
said projection being modifiable after casting so as to 
select the amount of metering by said metering plate. 

From a third broad aspect the invention provides 
a method of manufacturing a rotor having means for 
controlling flow of cooling air to the internal passages 
of an air cooled turbine blade for a gas turbine engine 
including the steps of: 

casting the turbine blade including internal 
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cooling passages and a projection for fitting into a re- 
cess of a turbine rotor disk for defining a metering 
plate within said recess, 

assembling the blade into the recess of said 
turbine rotor disk, 5 

flowing cooling air into said recess to flow 
through a metering opening of said metering plate, 
and determining whether the flow is as desired, and 
if not, 

disassembling said blade from said recess and 10 
machining said projection to adjust said metering 
plate so as to flow a desired amount of cooling air into 
said turbine blade. 

From a yet further aspect, the invention provides 
a cast turbine blade having internal cooling passages 15 
and including an integrally cast projection extending 
axially from its root end for cooperation in use with a 
rotor disk to define a coolant metering area therewith. 

A preferred embodiment of the invention will now 
be described, by way of example only, with reference 20 
to the accompanying drawings in which: 

Fig. 1 is a partial sectional view of the turbine sec- 
tion of a gas turbine engine utilizing this inven- 
tion; 

Fig. 2 is an enlarged view of a turbine blade in ele- 25 
vation showing the details of this invention; and 
Fig. 3 is a partial sectional view taken along lines 
3-3 of Fig. 2. 

While this invention is described herein in its pre- 
ferred embodiment as being utilized on the first stage 30 
turbine of a gas turbine engine, as one skilled in this 
art will appreciate, this invention may be employed in 
other rotors. This invention in its preferred embodi- 
ment provides a combination of a meter plate and tur- 
bine blade defining with the live rim area of the disk 35 
the metering area, where the meter plate is cast inte- 
grally with the casting of the blade. 

The invention can best be appreciated by refer- 
ring to Fig. 1 which discloses the use of this invention 
in the first stage turbine section of a gas turbine en- 40 
gine (only partially shown). Inasmuch as the details of 
the engine are not necessary for an understanding of 
this invention, for the sake of convenience and sim- 
plicity only that portion of the engine necessary to de- 
scribe this invention will be described. For more de- 45 
tails of a gas turbine engine reference should be 
made to U.S. Patent No. 4,069,662 granted to Red- 
inger, Jr., et al on January 24, 1978 entitled "Clear- 
ance Control for Gas Turbine Engine" or any of a num- 
ber of engine models such as the F100, JT9D, 50 
PW2000 and PW4000, manufactured by the Pratt & 
Whitney Division of United Technologies Corporation, 
the present applicant. 

Suffice it to say, that a portion of the air is bled 
from the compressor section (not shown) and is ulti- 55 
mately delivered to the turbine rotor generally indicat- 
ed by reference numeral 10 through the TOB1 12 as 
depicted by arrows A. 



The rotor comprises disk 14 suitably supports a 
plurality of circumferentially spaced turbine blades 
16. The root 18 of each of the blades is attached to a 
recess or broach formed in the outer periphery or live 
rim area of the disk 14. In this design the broach is 
formed in a fir tree configuration which is a well 
known configuration for supporting the blades to the 
disk. 

Rotor 10 is rotatably supported to the engine 
shaft and is disposed adjacent the first stator section 
20 that is supported to the combustor generally indi- 
cated by reference numeral 22. As is well known, 
combustion air discharging from combustor 22 flows 
through the vanes of stator section 20 through blades 
1 6, where work is extracted to power the compressor. 
As is apparent from the foregoing, the combustion 
gases that flow through the turbine blades are ex- 
ceedingly hot necessitating cooling of the turbine ro- 
tor. 

As shown in Fig. 2, blade 16 consists of a root 18, 
an airfoil section 26 having a tip section 28, leading 
edge 30 trailing edge 32 and a pressure side 34 and 
suction side (not shown) on the back of the pressure 
surface extending therebetween. Coolant is admitted 
into the live rim area 38 at the outer periphery of the 
disk and the root 18 and flows internally in the blade 
in a suitable manner and discharges therefrom 
through a plurality of film cooling holes 36 or shower 
head holes 37. As the detail of the cooling aspects of 
the blade is well known and described for example in 
U.S. Patent No. 4,820,123 granted to Kenneth B. Hall 
on April 11, 1989 for more details of a suitable turbine 
blade reference should be made to that patent 

As best shown in Figs 2 and 3, the meter plate 
generally indicated by reference numeral 40 consists 
of a depending member 42 integrally cast in the root 
1 8 of blade 26 and extends in the live rim area 38 to- 
ward the upper surface 44 of disk 14. The bottom 
edge 46 extends just short of surface 44 and defines 
therewith the metering area 48. As noted in Fig 3, the 
cast metering plate depending member 42 extends 
between walls 50 and 62 defining the broach formed 
in disk 14. 

It is apparent from the foregoing that the dimen- 
sions of the depending member 42 can be finalized 
after member 42 is cast. In this way, member 42 is 
cast oversized and is machined to the desired dimen- 
sion in the finish machining of the blade. This will as- 
sure that the metering dimension is zeroed in to the 
desired area for achieving the desired pressure and 
flow of coolant for each blade. By being able to tailor 
the dimensions as described it is apparent that only 
the necessary amount of coolant needed to perform 
the desired cooling is utilized. Hence, each blade can 
be likewise tailored to assure that unnecessary cool- 
ant is not inadvertently used. 

The method of adjusting the metering plate to me- 
ter the desired amount of cooling air to the internal 
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passages of the turbine blade is to assemble the 
blade with the oversized projection and flow test the 
assembly. Remove the blade and machine the over- 
sized projection to obtain the desired metering area to 
meter the intended amount of cooling air. This is re- 5 
peated until the correct amount is "zeroed in". 

Another advantage of this integral design of the 
cast meter plate is that it does not add to the expense 
of casting the overall blade. Hence, not only is the in- 
vention inexpensive, it obviates all the problems as- 10 
sociated with heretofore meter plates that are not in- 
tegral with the blade. 

From the above, it will be seen that at least in its 
preferred embodiments, the invention provides im- 
proved cooling means for the rotor blades of a gas tur- 15 
bine engine. It also provides an integrally cast meter- 
ing plate extending from the root of the blade toward 
the live rim of the disk of the blade to define therewith 
a metering plate, and a method of "tailoring" the 
amount of cooling air metered by the metering plate. 20 

The cast metering plate is characterized as being 
less costly than other metering plates, facilitates the 
assembly and disassembly of blade assemblies, and 
enhances cooling effectiveness. 

Although this invention has been shown and de- 25 
scribed with respect to detailed embodiments there- 
of, it will be appreciated and understood by those skil- 
led in the art that various changes in form and detail 
thereof may be made without departing from the 
scope of the claimed invention. 30 



Claims 

1. In combination, an internally air cooled turbine 35 
blade (16) having a root section (18) at one end 

and a turbine rotor disk (14) for a gas turbine en- 
gine, 

said blade (16) being cast including a pro- 
jection (42) extending axially from said root sec- 40 
tion (18) and being supported in a recess formed 
in the outer periphery of said rotor disk (14), 

means for conducting cooling air into inter- 
nal passages formed in said turbine blade (18) 
through said recess, 45 

said projection (42) extending in said disk 
to define therein a metering plate (40) to regulate 
the flow of cooling air from said recess into said 
passages, the length of said projection being 
modifiable after casting so as to select the 50 
amount of metering by said metering plate (40). 

2. The combination as claimed in claim 1 wherein 
said disk (14) includes a pair of opposing side 
walls (50,52) and a bottom wall (44) defining said 55 
recess, said projection (42) extending short of 
said bottom wall (44) and to the pair of side walls 
(50,52). 



3. The combination as claimed in claim 1 or claim 2 
wherein said recess is formed in a fir tree config- 
uration. 

4. The combination as claimed in any preceding 
claim including a tangential onboard injector (12) 
for conducting cooling air to said recess. 

5. The combination as claimed in any preceding 
claim including a plurality of air cooled turbine 
blades (16) each having a root section (18) and 
cast with an axial projection (42) extending there- 
from and supported in recesses formed in the 
outer periphery of said disk (14) and being cir- 
cumferential! y spaced, the spaces between each 
of said recesses defining side walls (50,52) and 
a bottom wall (44) of said recesses, said projec- 
tion (42) of each of said air cooled turbine blades 
(18) extending in said recess short of the bottom 
wall (44) of each of said recesses, and the width 
of said projection (42) of each of said blades (1 8) 
being coextensive with the spacing between the 
opposing walls (50,52) of each of said recesses, 
and defining therewith enclosed chambers for re- 
ceiving cooling air, and said each of said projec- 
tions (42) together with said bottom wall (44) of 
said disk defining metering plates (40) for meter- 
ing the flow in each of said chambers to said pas- 
sages in each of said air cooled turbine blades. 

6. A rotor comprising a blade (16) having internal 
cooling passages, said blade (16) being mounted 
by a root section (18) in a recess on a rotor disk 
(14), said blade (16) being cast with an integral 
projection (42) at its root section, which defines 
a coolant metering area (48) within said recess, 
the size or configuration of said projection being 
modifiable after casting to define a desired me- 
tering area. 

7. A rotor as claimed in claim 6 wherein said projec- 
tion (42) terminates short of a bottom wall (44) of 
a recess in said disk to define said metering area 
(48) between its lower edge and said bottom wall 
(44). 

8. Agas turbine engine comprising a combination or 
a rotor as claimed in any preceding claim. 

9. A method of manufacturing a rotor having means 
for controlling flow of cooling air to the internal 
passages of an air cooled turbine blade (16) for 
a gas turbine engine including the steps of: 

casting the turbine blade (16) including in- 
ternal cooling passages and a projection (42) for 
fitting into a recess of a turbine rotor disk (14) for 
defining a metering plate (40) within said recess, 

assembling the blade (16) into the recess 
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of said turbine rotor disk (14), 

flowing cooling air into said recess to flow 
through a metering opening (48) of said metering 
plate (40), and determining whether the flow is as 
desired, and if not, 

disassembling said blade (16) from said 
recess and machining said projection (42) to ad- 
just said metering plate (40) so as to flow a de- 
sired amount of cooling air into said turbine blade 
(16). 

10. A cast turbine blade (16) having internal cooling 
passages and including an integrally cast projec- 
tion extending axially from its root end for coop- 
eration in use with a rotor disk to define a coolant 
metering area therewith. 
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